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ABSTRACT
THE ECOLOGY OF A NEW HAMPSHIRE ESTUARINE TIDAL
RAPID
by
NORMAN B. REYNOLDS 
A detailed synecological study was made of the organisms 
in the Dover Point, New Hampshire, tidal rapid. The site is 
located in the middle of the Great Bay Estuary System. Currents of 
at least 5 1/2 knots occur at the location. Values for surface 
water salinity and temperature varied from 8 0/00 to 31 0/00 and 
-2°C. to +19°C. respectively during the 3 year study. Annual and 
seasonal changes in growth, zonation, occurrence, biomass, grazing 
and predation of all macroscopic marine organisms were studied in 
relation to a variety of ecological factors (tidal currents, water 
temperature, air temperature dissolved oxygen and salinity).
Eighty-three taxa of benthonic algae were recorded at Dover 
Point, including 39 Rhodophyceae, 24 Chlorophyceae, and 20 Phaeophy­
ceae. The largest number of taxa occurred in July, while the smallest 
number occurred in September and January. Seasonal changes in the 
vertical distribution of Petalonia fascia, Dumontia incrassata, 
Chaetomorpha linum, Cladophora sericea, Urospora penicilliformis, 
Balanus balanoides, Littorina littorea, Scytosiphonia lomentaria, 
Porphyra umbilicalis and Entermorpha intestinalis were recorded. In 
addition, comparison was made of the zonation and seasonal occurrence 
of marine algae at Dover Point and Jaffrey Point, New Hampshire (a 
semi-exposed open coastal station) showing that the sublittoral zone 
at the Dover Point tidal rapid has an "open coastal" flora, while 
the littoral zone has a more estuarine flora. The response of selected
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organisms to the tidal currents at the Lough Ine, Ireland and Dover 
Point rapid was also compared.
Vertical and seasonal changes in biomass of Littorina 
littorea, Balanus balanoides, Chondrus crispus, Mytilus edulis,
Gigartina stellata, Fucus vesiculosus, Chaetomorpha linum, Clado- 
phora sericae, Ascophyllum nodosum and Spartina alterniflora were 
recorded. The biomass of Chaetomorpha linum and Cladophora 
sericae was found to be greater in the tidal currents at Dover Point 
than on the open coast. Intraspecific competition for space between 
Chondrus crispus and Mytilus edulis was conspicuous at Dover Point. 
Juvenile stages of M. edulis established themselves on a C^. crispus 
bed and within a few months M. edulis dominated the area. Drainage 
played an important role in determining whether a tidal rapid 
community was dominated by Balanus balanoides or M. edulis. In the 
mid- and lower eulittoral zone, vertical (more highly desiccated) 
surfaces favored barnacle communities, while horizontal (more moist) 
surfaces favored mussels.
Growth studies of selected plants (Rhodymenia palmata, Lamin­
ar ia digitata, jL. saccharina, Ascophyllum nodosum and Fucus vesiculosus) 
found on the open coast and in the rapid area at Dover Point are 
discussed. Predation and grazing by invertebrates was extensive at 
Dover Point, particularly in the area of high currents. Mytilus 
edulis was often killed by drilling. Fucus vesiculosus and Laminaria 
saccharina were heavily grazed by Littorina littorea.
A major oil spill (200,000 gallons) occurred in May, 1969.
The initial effect of the oil spill was the killing of many Spartina 
alterniflora plants.
INTRODUCTION
The tidal rapid of Dover Point, New Hampshire has several 
unique features which distinguish it from other tidal rapids.
Foremost, it is located in the middle of a large estuary, rather 
than near the open coast (Fig. 1). Secondly, its substrate is 
stable even though it is partially composed of small pebbles and 
cobbles. Thirdly, it has one of the fastest currents on the east 
coast of North America (Anon., 1969c).
The most extensive previous ecological studies on tidal 
rapids were conducted at Lough Ine, in southern Ireland. The 
first study at Lough Ine was initiated by Renouf (1931); later 
studies were continued by Kitching, Ebling and associates.
Approximately twenty papers dealing with the ecology of Lough Ine 
were summarized by Kitching and Ebling (1967). Lewis (1964, 1968) 
has given an excellent summary of the influence of tidal currents 
on marine organisms. Jones (1959) studied the growth, of Gracilaria 
verrucosa in relation to tidal currents in Menai Straits. Further 
discussions of the effects of tidal currents on seaweeds were given 
by MacFarlane (1961), Chapman (1964) and Mathieson, Reynolds and 
Hehre (in press). The physiological effects of currents on plants 
were discussed by Conover (1968). Several papers dealing with 
freshwater streams have attempted to explain the biological and 
physical phemonena occurring in tidal rapids (Whitford, 1960;
Schumacher and Whitford, 1965; Blum, 1963 and Berg, 1943). Smith (1946), 
Wood (1955), Marshall (1967) and Doochin (1951) studied the effects 
of tidal currents on the attachment of invertebrates. The present 
study summarizes the results of a three year synecological investi­
gation of the plants and animals at the Dover Point tidal rapids.
1
2METHODS
Monthly collections of seaweeds were made during low tides from 
September 1967 to September 1969. Prior to 1967 only irregular 
collections were recorded from Dover Point. Seasonal collections 
of sublittoral plants were made (by SCUBA) during 1968. Diving was 
only possible for about 20 minutes at dead low tide; it was further 
restricted by the severe winter weather. No drift specimens are 
reported. All specimens were processed immediately after collection. 
Herbarium voucher specimens (a total of 1264) were deposited in the 
Algal Herbarium of the University of New Hampshire (NHA). The 
specimens were identified according to Taylor (1957), with the 
exception of Pucus (Powell, 1957a, 1957b, 1963), Porphyra (Conway, 
1964a, 1964b), and Laminaria (Wilce, 1965). The revised nomenclature 
of Parke and Dixon (1968) was applied whenever possible. The long­
evity of the plants was designated according to Feldman's (1951) 
terminology. Monthly observations of invertebrates were made from 
September 1967 to September 1969.
General weather conditions (rainfall, low temperature, and 
occurrence of ice) were recorded during field observations. Bi­
weekly records of surface water temperature, salinity and oxygen 
were monitored at dead low tide in the high and low current areas at 
Dover Point (Fig. 1). A comparison of the open coast (Jaffrey Point) 
was also made (Fig. 1). Salinities were obtained in the field with 
a set of hydrometers (G. M. Mfg. and Inst. Corp., Bronx, New York) 
and all values were corrected to 15°C. Temperatures were recorded 
with a common immersible mercury thermometer.
Five diurnal studies (each of 12-hours duration) were 
conducted at Dover Point to determine fluctuations of temperature, 
salinity, oxygen and tidal currents. The depth at which the water 
samples were taken was found to be unimportant, since total mixing 
of the water column occurred. Salinities and temperatures were 
recorded with an Electrodeless Induction Salinometer (G. M. Mfg. and 
Inst. Corp., Bronx, New York). Oxygen concentrations were determined 
with a modified Winkler method (Hach Chem. Co., Ames, Iowa).
Two methods were used to determine the current speed. On the 
earliest diurnal study (May 11, 1968) a 2 liter polyethylene bottle 
was attached to a retrieving line and filled with sea water to provide 
neutral buoyancy. The speed of the current was determined by 
recording the time the bottle took to traverse a measured distance.
A "Little Captain" boat speedometer (manufactured by the Swift Inst.
Co., Boston, Massachusetts) was used to measure the currents on all 
other dates. The instrument was modified with a 6 foot well-tube to 
allow both surface and subsurface readings. The accuracy of this 
inexpensive instrument is ^ 1/4 knot.
A Dumpy level, tripod and surveying rod were used for the 
determination of the vertical distribution of plants and animals 
(Mathieson, Hehre and Reynolds, in press). Zero tidal datum level 
(mean low water) was determined by taking numerous readings at low 
water and correlating these with predicted water levels (Anon., 1965). 
The zero datum point was 18.08 feet below a United States Geological 
Survey benchmark, located on a nearby pavilion. Eight sets of 
zonation readings were taken between October 1967 and August 1969, in 
order to observe any seasonal changes. All descriptions of zones were
based on the biological classification of Lewis (1964).
Growth studies of Fucus vesiculosus, Ascophyllum nodosum, 
Rhodymenia palmata, Laminaria saccharina and L^  digitata were init­
iated at Dover Point and at Jaffrey Point. Approximately 20 
plants of each species were tagged at both locations with plastic 
forester's tape and small white tags. The growth of _F. vesiculosus,
A. nodosum and R. palmata was recorded by measuring their total 
length, while in L_. digitata and L^. saccharina growth was recorded 
by determining the monthly increase in distance between the inter­
calary meristem and paired holes (Sundene, 1964). The holes were 
made with a cork borer 1 inch above the meristem. New holes were 
made every 2 months, because the terminal portions of the lamina slough­
ed off continously. Specimens of L. saccharina, I., digitata and 
R. palmata were transplanted from the high to the low current areas 
at Dover Point, and their growth and longevity was recorded. During 
the 16 months of the experiment, nearly all the initial plants were 
lost due to human interference, grazing of snails, wave action or 
degeneration. Consequently, it was necessary to continuously tag and 
measure new plants.
Competition studies were conducted in the area of high 
currents at Dover Point. Quadrat samples (23.6 x 23.6) inches were 
collected at 2 locations on; October 31, 1967, November 22, 1968 
and November 13, 1969. The second and third year's quadrats were 
contiguous to the first year's. All the organisms and rocks within 
a quadrat were removed for laboratory analysis. The volume of 
each rock was enumerated by liquid displacement (Table I). The
biological samples were separated by species, they were then damp 
dried and weighed. One quadrat was located 18 feet northeast of 
the second piling of the new bridge, while the second quadrat was 
situated 42 feet west of the northeastern corner of the same 
piling (Fig. 2). The two quadrats are designated as "a" and "b" 
respectively in Figure 2. The height of quadrat "a" was +0.67 feet 
above mean low water while that of quadrat "b" was -0.09 below 
mean low water.
A second set of competition studies was conducted in the 
high current area at Dover Point from January 1969 to November 1969. 
Samples were collected bimonthly from two locations which were 
demarcated by permanent stakes. A quadrat frame (23.6 x 23.6 inches) 
with 9 equal subquadrats (7.4 x 7.4 inches) was used for meas­
urements. The locations of the quadrats are designated as "c" and 
"d" respectively in Figure 2. Quadrat "c" was located at 0.00 feet, 
above mean low water while Quadrat "d" was at +0.10 feet. The 
Quadrat frame was superimposed over the permanent stakes every two 
months and a small sample (7.4 by 7.4 inches) was collected. The 
samples were frozen and later analyzed for numbers of individuals 
of each species and/or damp dry weight. The invertebrates were 
separated into different size classes using various sieves (0.196 
inches, 0.118 inches, 0.039 inches 0.020 inches and 80 microns).
Only the blades of Chondrus crispus were counted, because of the 
difficulty of harvesting intact holdfasts.
Seasonal and vertical changes of littoral species were 
enumerated along three permanent transect lines (designated as "e",
6"f", and "g" in Fig. 2), which were oriented perpendicular to the 
shore. Transects "e" and "f" were located in the area of high 
currents, while, transect "g" was located in an area of low 
currents. Each transect line was marked off so that a quadrat 
frame could be superimposed on the same area. Observations were 
recorded every 3 months (September 26, 1968, December 19, 1968,
March 19, 1969 and June 29, 1969), and either the abundance or the 
percent cover of each species was recorded in each subquadrat.
A study of primary succession was conducted on the southeast 
side of a granite piling at Dover Point (Fig. 2). Similar studies 
were conducted on the southeast side of a rock ledge at Jaffrey 
Point. Six inch strips, reaching from the piling base to +8.0 
feet (Fig. 22a), were cleaned with a wire brush and sterilized with 
Clorox. Strips were denuded in October 1968, January, April and 
July 1969. Monthly observations of denuded and adjoining control 
areas were recorded from October 1968 to April, 1970.
7DESCRIPTION OF AREA AND ENVIRONMENTAL FACTORS
Dover Point is located at latitude 43°07'05" N. and 
longitude 70°49'50" W. in Dover, New Hampshire (Fig. 1). It is 
5 miles northwest of Portsmouth, New Hampshire and 5 miles east 
southeast of Durham, New Hampshire at the junction of the 
Piscataqua River and Little Bay. Dover Point is in the middle of 
the Great Bay Estuary System. All the water entering and leaving 
Little Bay, Great Bay and their five tributaries passes through 
the constricted channel at Dover Point, which is 470 yards wide 
and has a maximum depth of 34 feet (Fig. 3, 21a).
The rock outcroppings at Dover Point are of the Eliot 
formation (Novotny, 1968). A variety of substrate grading from 
boulders to cobbles, pebbles, sand and mud is evident (Table I).
The rocks are composed of mica schist with garnet crystals, phyllite, 
pigmite-quartz, feldspar and metasilt stone (Fig. 21b). Smaller 
rocks and pebbles were stablized by an extensive mussel population, 
which allowed them to support relatively large plants. A small 
saltmarsh with a tidepool exists in the area of high current. Most 
of this study was conducted in the area with high currents under 
the bridge (Fig. 2). The locations to the northeast and southwest of 
the bridge are mud flats which have reduced currents. The substrate 
under the bridge grades from rock near shore into mud at approximately 
-20 feet.
A modification of substrate was observed at Dover Point 
during the three year period of this study. Little or no mud and 
silt existed in the upper sublittoral or eulittoral zones in the
8area of high currents before the influx of Mytilus edulis in April 
1968. As the mussel bed became more extensive, silt and other 
pariculate matter were accumulated. The concentration and tenacity 
of the mussel's byssal threads stabilized this substrate. The 
M. edulis beds first supported Zostera marina in the fall of 1968 
and in the following year Z. marina had given rise to a total of 
5 or 6 shoots.
The tides at Dover Point are semi-diurnal, and they occur 
1 hour and 27 minutes later than those of the open coast (Anon.,
1965). The tidal amplitude at Dover Point is 6.8 feet as compared 
with 8.2 feet on the open coast. A maximum tidal current of 
5 1/2 knots occurs 2 1/2 to 5 hours after low tide (Fig. 4). During 
ebb tide the current is concentrated on the Newington side of the 
channel; it is accompanied by a slight back eddy on the Dover Point 
side. Organisms in the lower eulittoral and sublittoral zones at 
Dover Point are exposed to strong currents at least 50 percent of the 
time (flood tide), whereas organisms in the higher eulittoral zone 
are rarely exposed to strong currents. The organisms growing in 
the sublittoral zone beyond the second piling (Fig. 2) are exposed 
to a nearly continuous current of high intensity.
The annual range of salinity at Dover Point was 7.5 0/00 
at spring runoff to 31 0/00 in the late summer (Fig. 5). It usually 
varied between 23 and 29 0/00. The salinity in the area of high 
currents did not vary markedly from that of the low current area. A
salinity variation of 26.5 to 32.5 0/00 was recorded at Jaffrey Point 
(Fig. 5). The greatest diurnal fluctuation of salinity at Dover Point
occurred in March 1969 (10 0/00). In general there was a decrease 
in salinity from low tide until one hour after the predicted low. 
Thereafter it rose until high tide at which time it decreased for 
two to three hours (Fig. 6).
No obvious differences in oxygen concentrations were found 
between Dover Point and Jaffrey Point (Fig. 5). The annual variation 
of oxygen was correlated with water temperature (Fig. 5). The 
oxygen values did not fluctuate greatly throughout a tidal cycle 
at Dover Point (Fig. 6).
The annual range of water temperature at Dover Point was 
-2.0 to 19.0 C., while it was +0.5 to 16.6 C. at Jaffrey Point 
(Fig. 5). Diurnal temperature fluctuations at Dover Point depend 
on the two water masses involved-i.e., Great Bay and the Atlantic 
Ocean. When both water masses were nearly of the same temperature 
little or no diurnal variation occurred (Fig. 6). The greatest 
daily fluctuation of temperature (approximately 5 C.) was recorded 
in May, when the largest temperature differential between the Bay 
and the Ocean was evident. In May the lowest temperatures occurred 
at high tide, while in January they occurred at low tide.
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EFFECTS OF LOW TEMPERATURES AND ICE ON MARINE 
ORGANISMS AT DOVER POINT
The low winter temperatures have a significant effect 
on the vegatation at Dover Point. For example, during January 1968 
a low spring tide occurred just before dawn. It exposed most of 
the organisms in the sublittoral fringe zone to temperatures of at 
least -34 C. Laminaria saccharia and L. digitata showed the greatest 
injury as their exposed portions rapidly turned green, then white, 
and then sloughed off within a few weeks. Laminaria digitata 
appeared more susceptible to freezing damage than L. saccharina. 
Winter killing of Ulva lactuca was also recorded. Thus, a large 
population of U. lactuca was present in the fall of 1967, but by 
the end of February 1968 all the plants had been killed.
Ice scouring was extensive from January to March (Fig. 21c). 
It was particularly evident from +1.0 to +4.0 feet on the granite 
bridge pilings (Fig. 21d), where some of the barnacles and seaweeds 
were denuded. Holdfasts of Ascophyllum nodosum, Fucus sp. and 
Chondrus crispus survived in cracks. Plants of Laminaria spp. in the 
sublittoral fringe zone of adjacent rocky areas were severed and 
crushed by ice during early flood tide. Extensive ice scouring also 
occurred on the surface of a small saltmarsh (located at +5.5 feet) 
as ice passed over it at flood tide.
During March, pieces of salt marsh were sometimes found 
attached to the lower surfaces of floating ice. Pieces of sod as 
large as 5 by 5 feet were observed. The ice was observed to run 
aground during ebb tide (Fig. 21e, f) in the mid-to lower eulittoral
11
zone of the area of high currents. On warm days the sod separ­
ated from the ice. Localized patches of sod were still evident after 
two years (in the foreground of Fig. 21f). Spartina alterniflora 
grew on the sod the first summer after its deposition (Fig. 22e).
12
EFFECTS OF AN OIL SPILL ON MARINE ORGANISMS 
AT DOVER POINT
On May 10, 200,000 gallons of number 2 fuel oil were
accidently released into the lower Piscauaqua River at Portsmouth,
New Hampshire (Anon., 1969a). The tide carried the oil up the River
and it inundated the tidal areas of Dover Point the following
morning. The fumes were intense for 5 days, and the oil was noted 
on the water surface for more than a week. The rocks in the upper 
littoral zone of Dover Point were covered with oil, and large 
quantities were absorbed into the soil. The most noticeable effect 
of the oil was the killing or retarding of the Spartina alterniflora 
populations. Only one patch of S^. alterniflora showed normal growth 
by June 15, 1969 and it was in a small tidepool that must have been 
somewhat protected. The oil was visible in the marsh soil 
throughout the summer. By July 15th some of the other S^. alterniflora 
plants were beginning to send up shoots, but their density was 
much lower than in previous years. It was also observed on the 
same date that portions of the marsh were being removed by currents, 
since S^. alterniflora was no longer binding the soil together. Although 
Laminaria digitata was observed covered with oil, no detrimental 
effects were evident.
The mortality of animals due to the oil was hard to assess, 
but death of mallard ducks, grebes, cormorants and millions of 
seaworms was recorded (Anon., 1969b) in the Great Bay Estuary System.
The death of some Littorina littorea, Crangon septemspinosus and 
Nereis sp. (Croker, 1969) was also attributed to the oil spill.
13
No devastating effects were observed at Dover Point in the 
area under study during the ensuing year, other than the disintegra­
tion of a small portion of the saltmarsh. By the fall of 1969, 
the snail and Spartina alterniflora populations seemed to have 
recovered to their former densities.
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SEASONAL OCCURRENCE OF MARINE ORGANISMS AT 
DOVER POINT
Eight-three taxa of benthonic marine algae were recorded 
at Dover Point, including 39 Rhodophyceae, 24 Chlorophyceae and 
20 Phaeophyceae. Tables II-IV summarize the monthly occurrence 
and longevity of the plants. Forty-six percent of the species 
found at Dover Point were perennials (Table VI). Most green algae 
at Dover Point were annuals, whereas a larger portion of the brown 
and red taxa were perennials. The largest number of seaweeds 
occurred in July while the smallest number occurred in September 
and January (Table VII).
Table V summarizes the seasonal occurrence of the 
conspicuous invertebrates at Dover Point. Populations of Balanus 
balanoides, Mytilus edulis and Littorina littorea were conspicuous 
throughout the year. Asterias vulgaris, Littorina saxatilis and 
L. obtusata were probably also present all year, but they were 
simply not recorded in certain months. Several other animals were 
absent during certain seasons of the year. For example, Thais 
lapillus was not found during the late winter and early spring. 
Anomia simplex and Acmaea testudinalis were not evident during the 
summer, and Cancer irroratus was not found during the winter. 
Limulus polyphemus was only present during the months of May and 
June.
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VERTICAL DISTRIBUTION OF MARINE ORGANISMS AT 
DOVER POINT
Figures 7-10 illustrate the vertical distribution of marine 
algae, vascular plants and conspicuous invertebrates at Dover Point.
No splash zone was present at Dover Point since there was no wave 
action. The upper eulittoral zone is poorly developed, but the 
following organisms were present: Enteromorpha intestinalis,
Littorina saxatilis, L. littorea, Spartina alterniflora, Fucus spp., 
Balanus balanoides, Urospora penicilliformis and Porphyra 
umbilicalis. The organisms in the mid-eulittoral zone are more 
diverse than in the upper eulittoral. The zone was dominated by 
j5. balanoides, Fucus vesiculosus and L. littorea some Mytilus edulis, 
Gigartina stellata, and Ascophyllum nodosum was evident. Large 
quantities of Chaetomorpha linum, Cladophora sericeai Bangia 
fuscopurpurea, Urospora penicilliformis, Dumontia incrassata and 
P_. umbilicalis were also present at different seasons. The lower 
eulittoral and the sublittoral fringe zones had the most diverse 
assemblage of organisms. Mytilus edulis, Chondrus crispus and 
J}. balanoides were the most conspicuous species in the lower 
eulittoral, but £. linum, £. sericea and Ulva lactuca were season­
ally abundant. Extensive populations of I), incrassata, L_. littorea,
A. nodosum, (5. stellata, Asterias vulgaris and Monostroma fuscum 
were present in the lower eulittoral. The sublittoral fringe zone 
was dominated by Rhodymenia palmata, M. edulis, C_. crispus,
Laminaria saccharia and L. digitata. Extensive populations of 
£. linum, M. fuscum, Zostera marina, Cystoclonium purpureum var. 
cirrhosum, Polysiphonia elongata and Asterias vulgaris were present. 
Laminaria saccharina, .L. digitata, sponges, M. edulis and 
Phyllophora membranifolia dominated the mid-to lower sublittoral zones.
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Seasonal changes in zonation were conspicuous (Figs. 7-10). 
For example, Petalonia fascia had a restricted distribution in the 
fall but a more expanded occurrence in the spring. Other organisms 
which showed a compression of their vertical range in the winter 
included Dumontia incrassata, Chaetomorpha linum, Cladophora 
sericea, Urospora penicilliformis, Balanus balanoides and Littorina 
littorea. In contrast, Scytosiphonia lomentaria occurred higher in 
the winter than in the spring. The lower and upper limits of 
Porphyra umbilicalis and Enteromorpha intestinalis were higher in 
the winter than in the fall.
Table VIII summarizes the number of species occurring at 
a given level. The fewest number of organisms were found between 
+6.0 to +9.0 feet, while the greatest number were found from 0.0 to 
+3.0 feet. The green algae had the widest vertical distribution.
The red and brown algae did not extend above +6.0 feet, and they 
were more common in the sublittoral zone than the green algae.
The greatest abundance of invertebrate species occurred below 
+3.0 feet (22 species). Only 5 species were recorded between +3.0 
to +6.0 feet, fewer still (3 species) were found from +6.0 to +9.0 
feet.
Sixteen of the 22 invertebrates were recorded in both the 
sublittoral/littoral zones and 6 were only found in the littoral zone. 
The overall distribution of the invertebrates was somewhat biased, 
because extensive sublittoral records were not made.
Table IX shows the occurrence of algal species in the 
littoral and/or sublittoral zones at Dover Point. Ten of the species
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recorded in Figures 7-9 were restricted to the sublittoral zone, 21 
occurred only in the littoral and 20 occurred in both the littoral/sub- 
littoral zones. Most of the green algae were restricted to the 
littoral zone, while the red and brown algae occurred primarily in the 
littoral/sublittoral zones.
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GRAZING AND COMPETITION OF MARINE ORGANISMS AT 
DOVER POINT
Predation and grazing by invertebrates was widespread at 
Dover Point, particularly in the area of high currents. A marked 
decrease in mussel populations was observed in September 1969 and 
it was probably caused by predation of starfish and gastropods.
Asterias vulgaris was first observed feeding on mussels in limited 
quantities during July 1969. Starfish were present in larger 
numbers during September, and they left many dead, gaping mussels. 
Drilling by gastropods (probably Thais lapillis) was a major factor 
causing the attrition of mussel populations in 1969. Extensive 
drilling was first observed in September, 1969, and a deliberate 
attempt was made to quantify the number of dead mussels in November.
As shown in Table X the largest mussels showed the greatest 
mortality.
Changes of weight and/or number of organisms were used to
determine competition for space among marine organisms at Dover Point.
Table XI shows annual changes of populations from 1967-1969 in
quadrats "a" and "b". Quadrat "b" was located in a bed of Chondrus
crispus, while quadrat "a" was located in an area dominated by Ulva
lactuca and sparsely populated by C. crispus. Mytilus edulis
first appeared during the end of April 1968 on horizontal
surfaces of the lower eulittoral zone. By November of 1968 M.
o
edulis had proliferated to 3240 grams/557 inches in quadrat "b".
During 1969 M. edulis continued to increase while C_. crispus decreased. 
The mussel populations increased at approximately the same rate on
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quadrat "a" and "b". Fucus vesiculosus increased significantly 
(from 12 to 216 grams) on quadrat "a" over the 3 years.
To further illustrate competition for space, bimonthly 
changes in biomass were recorded from January to November 1969 
on quadrat "c" and "d" (see Tables XII and XIII). Littorina 
littorea remained relatively constant on both quadrats throughout 
the 11 month period. Chondrus crispus remained at a very low level 
(4.8 grams/55 inches2) on quadrat "c" throughout 1969. On quadrat 
"d" it increased during January to March 1969 from 55 to 95 grams/55 
inches2, and then decreased to less than 2.0 grams/55 inches2 in 
November 1969. Chondrus crispus showed an increase in blade numbers 
from January to March 1969, while throughout the rest of the year 
the blade numbers fluctuated greatly— particularly from September to 
November when sporelings were present.
Figures 11 and 12 illustrate the growth of M. edulis 
populations in quadrats "c" and "d", expressed as the percent 
occurrence of different size classes. A comparison of the different 
months shows a shift in the major peaks of the population throughout 
the year. Thus, a higher proportion of smaller mussels was 
evident in January as compared with November. In order to assess 
the growth of the largest class (i.e., those over 0.196 inches), 
a random sample of 100 mussels was taken from each sample. No 
significant changes were noted.
The changes in populations of Chondrus crispus and Mytilus 
edulis showed an inverse relationship in quadrat "d" (Fig. 13).
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Both organisms increased from January to March 1969. Mytilus 
edulis continued to increase in biomass until November, 1969.
In contrast, on quadrat "d" crispus showed a rapid decline from 
March to November, when almost none was present. No interspecific 
competition for space between these 2 organisms occurred in quadrat 
"c", probably because little _C. crispus was initially present.
Grazing by invertebrates appeared to be most conspicuous 
during the summer and early fall. Littorina littorea was the only 
conspicuous grazer on the seaweeds. It was often observed grazing 
on Fucus vesiculosus (Fig. 22f) and on the stipes of Laminaria 
saccharina.
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SEASONAL AND VERTICAL CHANGES OF BIOMASS AT 
DOVER POINT
Transects "e", "f" and "g" (Fig. 2), were used to demon­
strate seasonal and vertical changes in biomass (Figs. 14, 15, and 
16). The distribution of Littorina littorea was different on each 
of the 3 transects. In September the greatest concentration of 
Ij. littorea was found at +5.7 feet on transect "g" (Fig. 16) as 
compared with +3.7 feet on transect "f" (Fig. 15) and +0.1 feet 
on transect "e" (Fig. 14). During the colder months L. littorea 
did not extend higher than +1.0 feet on transect "e". However, 
it was found amongst various vascular plants and algae at +2.0 
feet and higher on transects "f" and "g". The quantity of jL. 
littorea in transect "g" was approximately 90 percent less than on 
the other two transects.
The Balanus balanoides population in transect "f" (Fig. 15) 
showed the widest vertical range (+0.1 to +3.7 feet). The barnacles 
on transect "e" (Fig. 14) were restricted to a lower zone, while 
those on transect "g" (Fig. 16) were only present on a limited 
amount of rock at +4.7 feet. The barnacle populations on transect 
"e" were restricted, perhaps because of ice scouring. An extensive 
set of spat was recorded in June. The cyprids were attached from 
+0.1 to +3.7 feet on transect "f", but they were most abundant at 
the +2.0 foot level.
The Chondrus crispus beds in transect "e" were in a rocky 
area with little quantities of mussels, while those in transect "f" 
were in a rocky area dominated by mussels. Chondrus crispus showed
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a substantial reduction in percent cover on transect "e" (Fig. 14). 
Thus, 50 percent coverage was recorded in September 1968, while 
only 20 percent coverage occurred in June 1969. A slight reduction 
of the upper limit of C^. crispus was recorded on transect "f11 
(Fig. 15), the highest percent cover on the same transect was 
recorded during March 1969.
Mytilus edulis was restricted to the lower eulittoral zone 
in transect "e", and its lowest percent coverage was recorded during 
March. In transect "f", the mussels showed a marked reduction of 
their upper limits from September to December. A slight reduction 
in percent cover was recorded in March as compared to December on 
transect "f". Increased populations were recorded on both transects 
in June, probably because of larval attachments.
The distribution of Gigartina stellata varied seasonally on 
transect "f" (Fig. 15). During September 1968 and March 1969 it 
was present at +0.9 feet. In December it was not observed, probably 
because it had died-back to the holdfast (personal communication,
Mr. R. Burns). Gigartina stellata also showed a seasonal change 
in percent cover on transect "e" (Fig. 14). A reduction in percent 
coverage occurred between September and December at the +0.9 foot 
level; thereafter the coverage increased as new blades developed.
At the +0.1 foot level there was an increase in percent cover from 
September to December 1968, a slight decrease in March 1969, and 
another increase in June 1969.
Fucus vesiculosus showed a slight decrease in percent 
cover from December 1968 to June 1969 at +2.3 feet on transect "f".
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A slight increase in percent cover was recorded at the +1.3 foot 
level from March to June 1969. Abundant sporelings were observed 
during June.
Specimens of Chaetomorpha linum on transect "e" were 
observed to have their greatest vertical distribution in September and 
June whereas they were restricted to the +0.1 foot level in 
December. Ascophyllum nodosum was recorded only in transect "g"; 
it was restricted to a rocky substrate at +4.8 feet. The largest 
percent coverage of A. nodosum was recorded in March 1969, while the 
smallest percent coverage occurred in June 1969. Spartina alterni- 
flora was restricted to very high levels (+5.8 feet) in transect "g". 
Approximately the same percent coverage was recorded in September and 
December 1968. A significant increase occurred in March 1969 and 
a drastic reduction was evident in June, due to the oil spill.
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GROWTH STUDIES OF SELECTED ALGAE
The growth of Rhodymenia palmata was sporadic in the areas 
of low and high currents at Dover Point. Fragmentation occurred exten­
sively during the late winter. The area of low currents was not 
suitable for the sustained growth of R. palmata, for when plants
were transplanted there they died in a few months. All specimens of
R. palmata grew at least one inch during June 1968.
The best growth of Fucus vesiculosus and Ascophyllum nodosum 
occurred during the summer while the poorest growth occurred during 
cold weather. The growth of F. vesiculosus and A. nodosum at 
Jaffrey Point was consistently lower than at Dover Point. The 
maximum growth of F. vesiculosus, was 2 inches per month, and it 
occurred from May 15 to August 15, 1968 in the area of low currents 
at Dover Point.
Figures 17 and 18 show the growth of Laminaria digitata and 
L^. saccharina. Because of the extreme variability in growth rates 
between individual plants, these rates are described only in 
relative term as follows:
(1) good growth = over 3 inches/month
(2) average growth = 2-3 inches/month
(3) poor growth = up to 2 inches/month
The growth of Laminaria digitata in the low current areas at 
Dover Point was quite variable. When transplants were made from 
the high to the low current areas, the growth was initially high, 
but the plants eventually degenerated. Laminaria digitata had 
a higher rate of growth and it was sustained for a longer time
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in the high current areas at Dover Point than at Jaffrey Point.
An interesting phenomenon was observed when Ij. digitata 
was transplanted from the high to the low current areas at Dover 
Point. No dissection of the blades took place and in a few months 
it was difficult to distinguish the plants from Ij. saccharina, 
except for the identification tags.
The growth rate of L. saccharina was good for most of the year 
in the low current areas at Dover Point. A slight decrease in 
growth occurred during the winter. Good growth of Ij. saccharina 
occurred during the summer and early fall at Jaffrey Point and in 
the high current areas at Dover Point. Poor growth was evident 
during the late fall and early winter.
Laminaria saccharina exhibited good growth at all areas 
during the summer. Laminaria saccharina dominated the kelp beds 
at Dover Point during the winter, but L.. digitata was dominant the 
rest of the year.
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SUCCESSION
The succession of organisms on vertical surfaces at Dover 
and Jaffrey Points was studied using denuded strips (Fig. 22a).
The succession of organisms proceeded in nearly the same sequence 
at both locations (Figs. 19 and 20). The first two strips in each 
of the study areas were denuded and sterilized in October 1968 
and January 1969. The denuded areas remained sterile until April 
when Balanus balanoides spats were first observed (Fig. 22d).
Prior to this time only a few crustose algae (e.g., Hildenbrandia 
prototypus) which had not been killed during sterilization were 
present at Jaffrey Point. Colonization of barnacles occurred on 
about April 6, 1969 at Dover Point. No differences were observed 
in the size, number or distribution of barnacles between the two 
strips at Dover Point. More spats settled on the October than the 
January strip at Jaffrey Point. A third denuded area was prepared 
at each location on April 15, 1969.
By mid-May the October and January strips at Jaffrey Point 
has two sizes of barnacles while only one size was evident on the 
area denuded in April. The April strip at Jaffrey Point contained 
only half as many barnacles as those on the other two denuded areas, 
and they were approximately half their size. The greatest concentra­
tion of barnacles (both numbers and biomass) was evident on vertical 
faces of the mid-eulittoral zone.
By June 1969 all three strips at Jaffrey Point contained
13. balanoides of the same size while barnacles and mussels were pres­
ent on all three strips at Dover Point. Some patches of barnacles
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(i.e., those over 1 year old) were falling off the control areas 
on the pilings at Dover Point (Fig. 22c). No attachment of algae 
or mussels had occurred on tudenuded areas at Jaffrey Point by 
July 1969. At the same time the size and density of barnacles 
on the first two strips at Dover Point were the same as the 
"controls". In July some Mytilus edulis was also present in the 
lower areas of all three strips.
The fourth strips were prepared at Dover and Jaffrey Points 
in July 1969. Nothing was evident on the July strips in August 
1969. However, during August the mussels extended to the +3.0 
level (Fig. 22a) on the first three strips at Dover Point. On the 
same date the old barnacles at Jaffrey Point had fallen off the 
"control" areas, while they were still present at Dover Point. The 
barnacles on the first three strips at Jaffrey Point were of the 
same sizes and density as those on the surrounding areas. The 
strips differed from the "control" areas because of a lack of 
Ascophyllum nodosum and Chondrus crispus. Minimal amounts of 
Lithothamnium glaciale had reappeared in the lower portions of the 
October, January and April strips at Jaffrey Point. By August 1969 
one plant of (3. crispus was present in the lower eulittoral zone 
of the October denuded area at Jaffrey Point.
Final observations of the strips were made on April 10, 1970. 
No organisms were present on the July, 1969 denuded areas at Jaffrey 
or Dover Points. No spats were observed on any of the strips. The 
barnacles which had colonized the first three strips at Dover Point
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in April, 1969 were uniform in size and density. They had a smaller 
diameter and were less columnar than the barnacles in adjoining 
areas. No plants were present on any of the denuded areas at 
Dover Point. Populations of Chondrus crispus were developing in the 
lower portions of the first three strips at Jaffrey Point. The size 
and density of the barnacles on the first three strips at Jaffrey 
Point were equal to those of the "control" areas. The density of 
barnacles on the denuded strips at Jaffrey Point was much less than 
at Dover Point. Little or no crowding of barnacles was present 
at Jaffrey Point, because they were of a uniform age. In contrast 
extensive crowding was evident at Dover Point.
DISCUSSION
As mentioned previously, Kitching and Ebling (1967) 
summarized a series of ecological studies on the tidal rapids at 
Lough Ine, Ireland. The current velocities and the range of 
summer temperatures at Dover Point are similar to those at Lough Ine. 
Dover Point is different than Lough Ine because it is an estuarine 
location, where daily and seasonal fluctuations of salinity occur.
No seasonal studies were conducted at Lough Ine, and most of the 
investigations were restricted to the summer.
Tidal currents exert a major influence on the growth, species 
composition and distribution of organisms at Dover Point. For 
example, Chaetomorpha linum and Cladophora sericea, showed a 
substantial increase in biomass in the tidal rapids. Chaetomorpha 
linum formed large ropes twenty to thirty feet long. Several 
other workers (Lewis, 1968; Whitford and Kim, 1966; MacFarlane, 1961 
and Conover, 1968) have also recorded an increase in algal size and 
population density in tidal currents.
The algal vegetation in the rapids at Dover Point has an 
"open coastal" character. In contrast adjacent areas, that lack 
currents but have similar substrate and hydrographic conditions, 
support an estuarine vegetation. Kitching and Ebling (1967) state 
that the major influence of tidal currents is exerted on the 
sublittoral zone. They also suggest that tidal currents are analogous 
to wave action, for they prevent deposition of sediment, reduce local 
extremes of temperature and oxygen, and exert strong mechanical pull. 
Moore (1966) states that tidal rapids support open coastal species, 
even though the locations are essentially sheltered. The
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sublittoral zone at Dover Point has more "open coastal" species 
than the littoral zone.
Many genera (ex. Sertularia, Tubularia, Cancer, Halichondria, 
Anomia and Lomentaria), and species of algae and invertebrates 
(ex. Thais lapillus, Littorina littorea, L. saxatillis, Porphyra 
umbilicalis, Laminaria saccharina, L^. digitata, Balanus balanoides, 
Ascophyllum nodosum, Polysiphonia lanosa, Fucus vesiculosus, _F. 
spiralis, Ulva lactuca, Gigartina stellata, Chondrus crispus,
Mytilus edulis, Metridium senile and Carcinus maenas) are common to 
Dover Point and Lough Ine.
The distribution of several species (Mytilus edulis,
Tubularia crocea, Sertularia pumila, Fucus spiralis, Ascophyllum 
nodosum, Polysiphonia lanosa, Fucus vesiculosus, j?. spiralis, Ulva 
lactuca, Gigartina stellata, Chondrus crispus, Mytilus edulis, 
Metridium senile and Carcinus meanas) are common to Dover Point 
and Lough Ine. In addition, several analogous species (e.g., 
starfish and sea urchins) occupy similar niches.
The distribution of several species (Mytilus edulis,
Tubularia crocea, Sertularia pumila, Fucus spiralis, Ascophyllum 
nodosum, Polysiphonia lanosa, Ulva lactuca, Littorina saxatilis 
and Balanus balanoides) was similar at Dover Point and Lough Ine, 
while other species (Thais lapillus, Porphyra umbilicalis, Laminaria 
digitata, L. saccharina, Fucus vesiculosus and Littorina littorea 
showed conspicuous differences in their distribution. For example,
M_. edulis grows abundantly on the open coast of New Hampshire and
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in the rapids at Dover Point. Reduced populations are evident at 
other estuarine locations in New Hampshire.
The deposition of silt and the subsequent attachment of 
spores and larvae at Dover Point may be dependent upon the fric­
tional drag or "epibenthic turbulence" discussed by Marshall 
(1967). Frictional drag occurs on the surfaces of solid objects 
in moving water, and Marshall has demonstrated that currents are 
reduced 40 percent at approximately 0.7 inches above the substrate 
and 60 percent at approximately 0.2 inches. A few specimens of 
Fucus vesiculosus, Ascophyllum nodosum and Chondrus crispus were 
found attached between the blocks of the bridge pilings, where a 
slight reduction in current may exist. The plants of A. nodosum, 
growing on the pilings were never over 4 inches in length, probably 
because of their exposure to strong currents outside the turbulent 
zone. Several workers (Crisp, 1955; Kitching and Ebling, 1967; 
Marshall, 1967; and Whitford, 1960) have also discussed the effect 
of reduced currents due to frictional drag.
Currents inhibit the attachment of nearly everything 
except barnacles on the pilings at Dover Point. According to Crisp 
(1955) the cyprids of Balanus balanoides will attach in currents 
from 1-2 knots while they will not attach in still water. Smith 
(1946) states that IJ. balanoides will not attach in currents in 
excess of 1.1 knots. Moore (1935) observed that IB. balanoides 
was larger and more abundant in areas of higher currents. His 
observations are consistent with those at Dover Point. The 
maximum set of cyprids was in the mid-eulittoral zones at Dover
32
Point and Jaffrey Point. Similar observations were recorded by 
Barnes and Powell (1953).
Several species were found only sporadically or in 
localized populations at Dover Point. The collections of 
Chaetomorpha melagonium were represented by five filaments. 
Gloiosiphonia cappillaris was seen for only two weeks during the 
three year period of the investigation, and only 10 plants were 
observed in a one foot square area. Other organisms such as 
Phycodrys rubens, Lomentaria orcadensis and Limulus polyphemus 
were present for longer periods of time, but they were so scarce 
that they seldom occurred in the monthly collections. The 
occurrence of large quantities of Phyllophora membranifolia and 
sponges was a conspicuous feature of the sublittoral zone at 
Dover.they would have been over looked if SCUBA diving was not 
employed.
The following species, Cladophora sericea, Elachista 
fuciocola and Pilayella littoralis (Tables II-IV) reacted as 
annuals at Dover Point, while they were considered perennials at 
Jaffrey Point (Mathieson, Hehre and Reynolds, in press). As 
suggested by the above authors a variety of different kinds of 
annuals and perennials and transitional types are also evident.
Pronounced seasonal fluctuations of algal species were 
recorded at Dover Point. The largest number of species occurred 
during July. As suggested by Mathieson, Reynolds and Hehre 
(in press) a combination of boreal and warm temperate elements 
are present in the Great Bay Estuary System during the summer.
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Many of the summer species are annuals and they disappear in the 
fall. The low number of species recorded in September and in 
January is in part due to the lack of sublittoral collections.
The seasonal occurrence of organisms at Dover Point is very similar 
to that at Jaffrey Point (Mathieson, Hehre and Reynolds, in press), 
except that a larger number of spring annuals were recorded during 
April on the open coast.
Fewer species are found in the sublittoral zone at 
Dover Point than on the adjacent open coast (Mathieson, Hehre and 
Reynolds, in press). Limited substrate and reduced light pene­
tration may perhaps restrict the sublittoral species. It should 
be noted that several taxa (Hildenbrandia prototypus, Polyides 
rotundus and Ulva lactuca), which are common in the sublittoral 
zone on the open coast, have higher vertical limits at Dover 
Point. As suggested by Doty (1957) and Gislen (1943) turbidity 
may play an important role in the upward movement of some 
organisms. Mathieson, Reynolds and Hehre (in press) have also 
suggested that temperature and salinity may be important factors 
causing the emergence of organisms.
The vertical distributions of several species at Dover 
Point showed pronounced seasonal variation, which were correlated 
with changes in environmental factors (primarily atmospheric 
and water temperatures). For example, the upper limits of Urospora 
penicilliformis decreased from late winter to summer, probably 
because of increased temperatures and desiccation. The upper limits 
of Polysiphonia elongata and Littorina littorea were suppressed
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probably because of extreme atmospheric and water temperatures.
During the winter months littorea was found in cracks, under 
algal mats, and in the sublittoral zone. In the warmer months of 
the year when the species is more mobile, it was widely distributed 
throughout the littoral zone.
The availability of substrate is a major factor restricting 
the vertical distribution of littoral organisms at Dover Point.
The cyprids of Balanus balanoides are able to differentially select 
and attach themselves to stable substrate. However, seaweeds do 
not show such abilities and their growth and abundance is dependent 
upon a stable substrate. Observations on Fucus vesiculosus showed 
that sporelings were initially attached to the surfaces of salt- 
marshes and rock outcrops. As the growth of the germlings pro­
gressed the saltmarsh plants were at a disadvantage because the soil 
could not support their increased weight. As a consequence the only 
plants to survive were those on rock outcrops.
Tidal rapids provide a favorable environment for many 
organisms and both intra- and inter-specific competition for space 
is intense. Drainage also plays an important role in determining 
whether a tidal rapid community is dominated by Balanus balanoides 
or Mytilus edulis. Vertical (more highly desiccated) surfaces favor 
barnacle communities, while horizontal (more moist) surfaces 
favor mussels (Lewis, 1964). A mixed community occurs near the 
bases of the pilings at Dover Point (Fig. 22b).
The establishment of Mytilus edulis communities occurs 
very rapidly (2-3 months), particularly in areas of high moisture,
35
such as in beds of Chondrus crispus or in crevices and cracks of 
rocks. MacFarlane (1961) has also recorded extensive growth of 
M. edulis in C. crispus beds, and states that the beds became 
commercially undesirable.
Starfish predation and drilling organisms were observed 
to restrict the mussel populations at Dover Point. Carcinus 
maenas was an important predator of mussels at Lough Ine (Kitching 
and Ebling, 1967). Very few specimens of £. maenas were observed 
at Dover Point, and no predation of M. edulis was seen by this 
species.
In contrast to the findings of Castenholz (1967), no 
diatoms or green algal seres were present before the attachment 
of barnacles. In fact when an algal mat of Urospora penicilliformis, 
Ulothrix flacca and Enteromorpha sp. was present barnacles rarely 
developed. Presumably the algal covering did not allow the cyprids 
to penetrate and attach. A secondary population of mussels 
developed on the lower, more moist portions of the pilings, which 
were previously colonized by barnacles. None of the algae that 
were present prior to the denudation re-established themselves 
after 18-24 months. The inability of the algal spores and gametes 




1. The Dover Point, New Hampshire tidal rapid is located 
in the middle of the Great Bay Estuary System. Currents of at 
least 5 1/2 knots were evident. Surface water salinity and 
temperatures varied from 8 0/00 to 31 0/00 and -2.0 C. to +19.0 C. 
respectively.
2. Annual and seasonal changes in growth, zonation, 
occurrence, biomass, competition, grazing and predation of marine 
organisms were studied at Dover Point in relation to a variety of 
ecological factors (air temperature, water temperature, salinity, 
dissolved oxygen and tidal currents).
3. Winter killing of Laminaria digitata, L. saccharina and 
Ulva lactuca growing in the sublittoral fringe zone at Dover Point 
were recorded during a low tide when air temperatures were 
approximately -34 C. Laminaria digitata appeared more susceptible 
to freezing damage than L. saccharina. Ice scouring was extensive 
from January to March. It was particularly evident on the granite 
bridge pilings where denuding of some of the barnacles and seaweeds 
took place.
4. A major oil spill (200,000 gallons) occurred during May 
of 1969. The initial effect of the oil spill was the killing or 
retarding of many Spartina alterniflora plants.
5. Eighty-three taxa of benthonic algae were recorded at 
Dover Point, including 39 Rhodophyceae, 24 Chlorophyceae, and 20 
Phaeophyceae. The greatest number of seaweeds occurred in July 
while the smallest number occurred in September and January.
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6. Seasonal changes in the vertical distribution of Petalonia 
fascia, Dumontia incrassata, Chaetomorpha linum, Cladophora sericea, 
Urospora penicilliformis, Balanus balanoides, Littorina littorea, 
Scytosiphonia lomentaria, Porphyra umbilicalis and Entermorpha 
intestinalis were recorded and discussed.
7. A comparison was made of the zonation and seasonal 
occurrence of the marine algae at Dover Point and Jaffrey Point,
New Hampshire (a semi-exposed open coastal station).
8. Conspicuous similarities and differences were noted in 
the response of organisms to current at the Lough Ine, Ireland and 
Dover Point tidal rapids.
9. Predation and grazing by invertebrates was extensive at 
Dover Point, particularly in the area of high currents. Mytilus 
edulis was often killed by drilling. Fucus vesiculosus and Laminaria 
saccharina were heavily grazed by Littorina littorea.
10. Extensive competition for space occurred as a Mytilus 
edulis population established itself in a Chondrus crispus bed at 
Dover Point. Mytilus edulis dominated the area within a few months.
11. Drainage plays an important role in determining whether 
a tidal rapid community is dominated by Balanus balanoides or 
Mytilis edulis. In the mid- and lower eulittoral zone, vertical 
(more highly desiccated) surfaces favor barnacles, while horizontal 
(more moist) surfaces favor mussels.
12. Vertical and seasonal changes were recorded in biomass 
of Littorina littorea, Balanus balanoides, Chondrus crispus,
Mytilus edulis, Gigartina stellata, Fucus vesiculosus, Chaetomorpha
linum, Ascophyllum nodosum and Spartina alterniflora.
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13. The biomass of Chaetomorpha linum and Cladophora sericea
were greater in the tidal currents at Dover Point, than on the 
open coast. Growth studies of selected plants (Rhodymenia palmata, 
Laminaria digitata, L^. saccharina, Ascophyllum nodosum and Fucus 
vesiculosus) found on the open coast and in the current areas at 
Dover Point are discussed.
14. The sublittoral zone at the Dover Point tidal rapids
has an "open coastal" flora, while the flora of the littoral zone 
has more estuarine affinities.
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TABLE I
VARIATION IN VOLUME AND QUANTITY OF STABLE SUBSTRATE AT
DOVER POINT*
Size of Rocks Number of Rocks












* Sand and mud not included
TABLE II
OCCURRENCE OF CHLOROPHYCEAE AT DOVER POINT
IS
Taxa evity* Other M A M J J 'A S O N D J
Blidingia minima (NUg. ex Kutz.) Kylin A X X X
Bryopsis plumosa (Huds.) C. Ag.
Chaetomorpha linum (Mull.) Kutz.
Chaetomorpha melagonium (Web. et: Mohr) Kutz.
Cladophora sericea (Huds.) Kutz. sensu 
van der Hoek 
Enteromorpha compressa (L.) Grev.
Enteromorpha erecta (Lyngb.) J. Ag.
Enteromorpha intestinalis (L.) Link A X X X X X
Enteromorpha linza (L.) J. Ag.
Enteromorpha prolifera (Mull.) J. Ag.
Monostroma fuscum (Post, at Rupr.) Wittr.
Monostroma grevillei (Thuret) Wittr. A X X  X X X
Monostroma leptodermum Kj ell.
Monostroma oxyspermum (Kutz.) Doty 
Monostroma pulchrum Farlow 
Percursaria percursa (C. Ag.) Rosenvinge 
Pseudendoclonium marinum (Rein.) Aleem et 
Schulz
Rhizoclonium riparium (Roth) Harvey 
var. implexum (Dillw.) Rosenvinge 
Rhizoclonium tortuosum Kutz.
Spongomorpha arcta (Dillw.) Kutz.
Ulothrix flacca (Dillw.) Thur. in Le Jol.
Ulva lactuca L.
Urospora collabens (C. Ag.) Holmes et Batt.








A X X X
A X X
A X X










A 4/52 X X
A or PP X X X X X X
A X
A 4/52 X X
*A=Annual P=Perennial PP=Pseudoperennial
1967 1968 1969
S O N D  J F M A M J  J A S O N D  J F M A H J J A S 0 !) D J F M A M J J A
X X X  
X X
X












X X X X X X X
X X X  X
X X X X X X X  X X X X X X X X  
X X X X X
X X x X
X
X
X X X X 
X X 
X X
X X X X X X X X X X  X X X X
X X X
X X X X  X X X X X X  X X X X X X X X
X X X X













X X X X  





X X X X X X X X
X X X
X X X X
X X X X
x X X X X X X
X X X X
X X  XX
X
X X X X X X
X X X X  
X X X X X
X X X X  X X X X X X X X
X X X X X
TABLE III
OCCURRENCE OF PHAEOPHYCEAE AT DOVER POINT
Long­ 1966 1967
Taxa evity* Other M A M J J A S 0 N D J F 1
Ascophyllum nodosum (L.) Le Jolis P 10/61 X X X X X
Ascophyllum nodosum (L.) Le Jolis P
f. scorpioides (Hornemann) Reinke
Chorda tomentosa Lyngb. A
Chordaria flagelliformis (Mull.) C. Ag. A X
Ectocarpus confervoides (Roth) Le Jolis A X X
Elachista fuciocola (Velley) Areschoug P
Fucus distichus (L.) emend. Powell
ssp. edentatus (De la Pylaie) Powell P
Fucus distichus (L.) emend. Powell
ssp. evanescens (C. Ag.) Powell P X
Fucus vesiculosus L. P 11/51 X X
Fucus vesiculosus L. var. spiralis Farlow P X X X X
Giffordia granulosa (J. E. Smith) Hamel A X X X X }
Laminaria digitata (Huds.) Lamouroux P X
Laminaria longicrurus De la Pylaie P
Laminaria saccharina (L.) Lamour. sensu Wilce P X X X X
Myrionema strangulans Grev. A
Petalonia fascia (0. F. Mull.) Kuntze A 10/52 X X X X X X X 2
Pilayella littoralis (L.) K.iell. P 11/51, X X
4/52
Ralfsia verrucosa (Aresch.) J. Ag. P
Scytosiphon lomentaria (Lyngb.) Link A X X X




J A S 0 N D J F M A M J J A S 0 N D J F M A M J J A s 0 N D J F M A M J J
X X X X X X X X X X X X X X X X X X X X X X X
X
X X X X X
X X X
X X X X X X X X X X X X X X X X X
X X X X X X
X X X X X X X X X X X X X X X X X
X X X X X X X X X X X X X X X X X X X X X
X X X X X X X X
X X X X X X
X X X X X X X X X X X X X X X X X X X X X X X X
X X
X X X X X X X X X X X X X X X X X X X X X X X X X X
X
X X X X X X X X X X X X X X X X X X X X X X X
X X X X X X X X X X X X X
X X X X X X X X X X X X X X X X X X X X X X
X X X X X X X X X X X X X X X X X X X
TABLE IV
OCCURRENCE OF RHODOPHYCEAE AT DOVER POINT
Long- 1966 191
Taxa evity* Other M A M J J A S O N D  J]
Ahnfeltia plicata (Huds.) Fries P X X X 3
Antithamnion cruciatum (C. Ag.) Nageli A X
Audouinella membranacea (Magn.) Papenfuss P X
Bangia fuscopurpurea (Dillw.) Lyngb. A X X X X X J
Callithamnion baileyi Harvey A X
Callithamnion corymbosum (Smith) Lyngb. A X X
Ceramium rubrum (Huds.) J. Ag. P X X X X X
Ceramium strictum Harvey A 7/41
Chondrus crispus Stackhouse P 7/41 X X X X X X X 3
Clathromorphum circumscriptum (Stromf.) Foslie P
Cystoclonium purpureum (Huds.) Batters 10/51,
var. cirrhosum Harvey P 11/51 X X X X 3
Dasya pedicellata (C. Ag.) C. Ag. A X
Dermatolithon pustulatum (Lamouroux) Foslie P
Dumontia incrassata (Mull.) Lamouroux A X X X X X X X 3
Gigartina stellate (Stackhouse) Batt. P X X X X X X
1J
Gloisiphonia capillaris (Huds.) Carm. ex
Berkley A
Gracilaria foliifera (Forsskal) Borgesen P
Hildenbrandia prototypus Nardo P X X X X X 3
Kylinia secundata (Lyngb.) Papenfuss P X
Lomentaria orcadensis (Harvey) Collins A
Melobesia lejolisii Rosan. P
Petrocelis middendorfii (Ruprecht) Kjell. P X
Phycodrys rubens (L.) Batt. P X X
Phyllophora membranifolia (Good, et Woodw.)
J. Ag. P 3
Phymatolithon lennormandi (Aresch.) Adey P X
Polyides rotundus (Huds.) Grev. P X X J
*A=Annual P=Perennial PP=Pseudoperennial
IDOVER POINT
1966 1967 1968 1969
e r M A M J J A S O N D  J F M A M J J A S O N D J F M A M J J A S O N D  J F M A M J J A
X X  X X X X X X X X  X X X  X X X X X X X X  X
X X  X X
X - X X X




X X X X X  X X X X X
X X  X X X X X X X X X X  X x ^ X X X  X X X X X X
L X
I X  X X X X X  X X X X X X X X X X X X X X X X  X X X X X X X  X X X X X X X X
x X X X X X X X X X X X X X X  X.
1,
L X  X X  x x x x x x x x x x x x  x x x  x X X  X X X X X X X X
X X
x x  X X X X  X X X X X X X  X X X  X X X X X X  X X X  X X X X X X X





X X X  X X  X X X X X X X X  
X X X X X X
X
X X X
X X  x x x
X
X X X  
X X X X  
X










X X  X X
X
X
X x x x
X x x x
TABLE IV - CONTINUED
Long­ 1966
Taxa evity* Other M A M J J A S 0 N D
Polysiphonia denuda (Dillw.) Grev. ex Harv.
in Hook. A
Polysiphonia elongata (Huds.) Grev. ex Harv. 7/41,
in Hook. P 12/51 X X X X X X
Polysiphonia harveyi Bailey A
Polysiphonia lanosa (L.) Tandy P
Polysiphonia nigra (Huds.) Batt. A X X
Polysiphonia nigrescens (Huds.) Grev. P X X X  X
Polysiphonia novae-angliae Taylor P X X X X
Polysiphonia urceolata (Lightfoot ex Dillw.)
Grev. P X X
Porphyra leucosticta Thur. in Le Jol. sensu
Conway A X
Porphyra miniata (C. Ag.) C. Ag. sensu Conway A
Porphyra umbilicalis (L.) J. Ag. sensu Conway A 11/51 X X X X X
Rhodochorton purpureum (Lightfoot) Rosenvinge P









J F M A M J J A S O N D  J F M A M J J A  
X X  X X
X X X X  X X X X X X  X X X X X X X
X
X
X X X X X X  X X X X  
X X
X X X X  X
X X  X X X X X X  x x x




X X X X X
X
X X  X X X X
X x x x  




X X  X
X
X X X X  X X  
X X
X X X X X X X X X X X X X X X X  X X X  X X X X X X X X  
X




SEASONAL OCCURRENCE OF ANIMALS AT DOVER POINT 
DURING 1967-1969
Months




Tubularia crocea X X X X X
Sertularia pumila X X X
Balanus balanoides X X X X X X X X X X X X
Idotea baltica X X X
Idotea phosphorea X
Cancer irroratus X X X X X X X
Carcinus maenas X
Pagurus acadiana X
Horaarus americanus X X
Limulus polyphemus X X
Anomia simplex X X X
Littorina littorea X X X X X X X X X X X X
Littorina obtusata X X X X
Littorina saxatilis X X X X X X X
Lacuna vincta X
Nassarius obsoletus X X
Crepidula fornicata X
Thais lapillus X X X X X X X
Urosalpinx cinerea X X X X
Acmaea testudinalis X X X X X
Mitrella lunata X
Hiatella gallicana X
Mytilus edulis X X X X X X X X X X X X
Mya arenaria X
Onchidoris fusca X
Asterias vulgaris X X X X X X X X X X X
Strongylocentrotus drobachiensis X X
TABLE VI
NUMBER OF PERENNIAL RHODOPHYCEAE, PHAEOPHYCEAE 
AND CHLOROPHYCEAE AT DOVER POINT 
1967-1969
Number of taxa % of total
potentially Total number taxa which
perennial  of taxa____ were perennial
Rhodophyceae 20 39 24
Phaeophyceae 13 20 16
Chlorophyceae 5 39 6
Grand Total 38 83 46
TABLE VII
OBSERVED NUMBER OF TAXA OF RHODOPHYCEAE, PHAEOPHYCEAE, 
AND CHLOROPHYCEAE IN VARIOUS MONTHS AT DOVER POINT
1967-1969
J F M A M J J A S O N D
Rhodophyceae 19 20 18 19 24 23 27 22 15 21 20 21
Phaeophyceae 10 12 13 17 14 14 13 10 10 13 12 14
Chlorophyceae 7 12 10 14 13 14 13 0 11 15 11 12
Total 36 43 43 50 51 51 53 41 36 49 43 47
49
TABLE VIII
NUMBER OF SPECIES OF SEAWEEDS AND INVERTEBRATES 
FROM VARIOUS DEPTHS AT DOVER POINT 
1967-1969
Depths (ft.) relative to zero tide level
-3 to 0 0 to +3 3 to 6 6 to 9
Chlorophyceae 6 15 10 5
Phaeophyceae 13 10 5 0
Rhodophyceae 11 12 6 0
Invertebrates 19 22 5 3
TABLE IX
DISTRIBUTION OF CHLOROPHYCEAE, PHAEOPHYCEAE, AND 
RHODOPHYCEAE IN DIFFERENT ZONES AT DOVER POINT
1967-1969
Sublittoral 
Sublittoral & Littoral Littoral














SIZE AND NUMBER OF DRILLED MUSSELS 
AT DOVER POINT 
(November, 1969)
Size Class Total Number Number






VARIATIONS OF ANNUAL BIOMASS AT DOVER POINT,
expressed as grams, damp dry weight/557 inches
Quadrat a (+0.67 ft.) , Quadrat b (-0.09 ft.)
31 Oct. 22 Nov. 13 Nov. 31 0ct. 22 Nov. 13 Nov.
1967 1968 1969 1967 1968 1969
Enteromorpha sp. 0.08
Ulva lactuca L. 310.00 0.81 0.13
Chaetomorpha linum (Mull.) Kutz. 0.01 86.12 0.30
Petalonia fascia (Mull.) Kutz. 5.00 3.43
Scytosiphon lomentaria (Lyngb.) J. Ag. 0.01 2.24
Fucus vesiculosus L. 11.88 8.21 216.39
Porphyra sp. 1.84
Dumontia incrassata (Mull.) Lamour. 69.39
Chondrus crispus Stackh. 0.63 6.04 4.73 92.46 128.37 1.52
Gigartina stellata (Stackh.) Batt. 1.32 3.30
Rhodymenia palmata (L.) Grev. 16.03 1.13
Polysiphonia elongata (Huds.) Harv. 0.10
Zostera marina L. 0.07
Tubularia crocea Agassiz 0.21 0.30
Balanus balanoides L. 0.46 16.24 4.20 0.15
Idotea phosphorea Harger 0.50 0.34 0.10 0.50
Thais lapillus L. 6.80 27.47 9.87
Littorina littorea L. 27.36 20.69, 7.67 29.'28
Lacuna vincta Montagu 0.27 0.03
Nassarius obsoletus Say 0.13
Acmaea testudinalis Mull. 0.01: 0.01
Anomia simplex Orbigny 0.01 0.01
Mya arenaria L. 0.08 0.12
Mytilus edulis L. 2090.00 4115.00 3240.00 3744.00
Hiatella gallicana Lamarck 0.01
Asterias vulgaris Verrill 12.76 6.67
TABLE XII
BIMONTHLY CHANGES IN POPULATIONS ON QUADRAT "C" 
expressed as numbers and/or grams per 55 square inches
16 Jan. 69 15 Mar. 69 16 May 69 29 July 69 13 Sept. 69 13 Nov. 69
Damp Damp Damp Damp Damp Damp
Size Dry Dry Dry Dry Dry Dry
Species Class Nos. Wgt. Nos. Wgt. Nos. Wgt. Nos. Wgt. Nos. Wgt. Nos. Wgt.
Mytilus >-5mm. 1249 881 1457 1790 1668 1595
edulis 3-5mm. 2209 1136 1162 621 525 423
l-3mm. 1476 2575 2750 2881 3534 6431
1/2-lmm. 302 416 377 895 1533 1716
<l/2mm. 0 0 20 25 10 570
Littorina > 5mm. 15 3 0.4 5 1.9 4 1.4 5 2.3 8 2.5
littorea 3-5mm. 5 4 0.1 3 0.1 4 0.1
l-3mm. 7 0 1
Littorina 1/2-lmm. 1
obtusata
Littorina >5mm. 1 0.2
saxatilis 3-5mm. 1 .1 1 0.1
Urosalpinx >5mm. 1 0.1 2 0.1
cinerea 3-5mm. 1 0.1
*>5 mm. = 0.196 inches 
3-5 mm. = 0.118-0.196 inches 
1-3 mm. = 0.039-0.118 inches
1/2-1 mm. = 0.020-0.039 inches n»
<1/2 mm. = 0.020 inches
TABLE XII - CONTINUED
16 Jan. 69 15 Mar. 69 16 May 69 29 July 69 13 Sept. 69 13 Nov,
Damp Damp Damp Damp Damp
Size Dry Dry Dry Dry Dry
Species Class Nos. Wgt. Nos. Wgt. Nos. Wgt. Nos. Wgt. Nos. Wgt. Nos.







Thais >5mm. 2 1 1.7 13 6.2 3
lapillus 3-5mm. 1 5 0.3 2
Mitrella l-3mm. 2
lunata
Chondrus 20 0.1 45 4.8 10 0.4 5 0.6 4
crispus
Porphyra spp. 3 0.1
Fucus spp. 1 10.2 1 2.2
Asterias 1 0.8
vulgaris















TABLE XII - CONTINUED
16 Jan. 69 15 Mar. 69 16 May 69 29 July 69 13 Sept. 69 13 Nov. 69
Damp Damp Damp Damp Damp Damp
Size Dry Dry Dry Dry Dry Dry














BIMONTHLY CHANGES IN POPULATIONS ON QUADRAT "d"
expressed as numbers
16 Jan. 69 15 Mar. 69
Damp Damp
Size Dry Dry
Species Class* Nos. Wgt. Nos. Wgt.
Mytilus >5mm. 1162 1176




and/or grams per 55 square inches 
16 May 69 29 July 69 13 Sept. 69 13 Nov. 69
Damp Damp Damp Damp
Dry Dry Dry Dry
Nos. Wgt. Nos. Wgt. Nos. Wgt. Nos. Wgt.
1097 1803 1429 1283
996 1136 715 849
2830 4587 3832 6472






















































1 0.6 1 0.4
1 0.1
*>5 mm. = 0.196 inches
3-5 mm. = 0.118-0.196 inches
1-3 mm. = 0.039-0.118 inches
1/2-1 mm. = 0.020-0.039 inches
<1/2 mm. = 0.020 inches
TABLE XIII
16 Jan. 69 15 Mar,
Damp
Size Dry
Species Class Nos. Wgt. Nos.

































16 May 69 29 July 69 13 Sept. 69 13 Nov. 69
Damp Damp Damp Damp
Dry Dry Dry Dry
Nos. Wgt. Nos. Wgt. Nos. Wgt. Nos. Wgt.
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DOVER POINT WITH LOCATION OF EXPERIMENTS 
Depths in feet
LEGEND:
a. Annual Biomass Quadrat "a"
b. Annual Biomass Quadrat "b"
c. Bimonthly Biomass Quadrat "c"




h. Area of Succession Study
i. Area of Growth Study (low current)
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VARIATIONS IN CURRENT VELOCITY DURING TIDAL 















VA R IA T IO N S  IN  CURRENT V E L O C IT Y  D U RING  TIDAL CYCLES
11 M A Y  1966
10 SEPT 1969
10 O C T  1 9 6 9
f lo o d
•  b b
6 9 11-2 1 2 4 6 7 10 121 5
H o u r*  o f l o r  Low W e lo r
FIGURE 5
SEASONAL TEMPERATURE, SALINITY AND 





























D o ve r P l.< h ifh  c u r r e n t  a re a )  
D o v e r P l.d o w  c u r r e n t  a re a )  
J a l f r e y  Pi.
ON•^J
1967M965 . I 9 6 s l l9 6 9
FIGURE 6
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VERTICAL DISTRIBUTION OF GREEN ALGAE AND
VASCULAR PLANTS AT DOVER POINT
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FIGURE 8
VERTICAL DISTRIBUTION OF BROWN ALGAE AT
DOVER POINT
ASCOPHYLLUM NODOSUM




FUCUS DISTICHUS SSP. EDENTATUS
FUCUS VESICULOSUS









—  • —  Fa ll
• — * •  W im t r
 *....  Sprin*
A nnual
VERTICAL DISTRIBUTION OF BROWN ALGAE AT DOVER miNT 
depths (ft.) relative to zero tide level
0 1 2 3 4 5 6 7 a ?  
‘ ■ 1 1 1 1 1 1 1 1




VERTICAL DISTRIBUTION OF RED ALGAE AT
DOVER POINT
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FIGURE 10
VERTICAL DISTRIBUTION OF MARINE 
INVERTEBRATES AT DOVER POINT
VERTICAL DISTRIBUTION OF MARINE INVERTEBRATES AT DOVER POINT
























DISTRIBUTION OF SIZE CLASSES OF Mytills 
Edulis IN QUADRAT "c"
Note:
>5mm. = 0.196 inches 
3-5mm. = 0.118-0.196 inches 
1-3mm. = 0.039-0.118 inches 
1/2 -1mm. = 0.020-0.039 inches 













DISTRIBUTION OF SIZE CLASSES OF MYTILUS EDULIS 
IN QUADRAT C
Mvtllus edul1s Size Classes 
(In mm.)
FIGURE 12
DISTRIBUTION OF SIZE CLASSES OF Mytllls 
Edulis IN QUADRAT "d"
Note:
>5mm. = 0.196 inches 
3-5mm. = 0.118-0.196 inches 
l-3mm. = 0.039-0.118 inches 
1/2 -1mm. = 0.020-0.039 inches 












DISTRIBUTION OF SIZE CLASSES OF MYTILUS F.DULIS 
IN QUADRAT D
Mytllus edulis Size Classes 
(In mm.)
FIGURE 13
CHANGES IN BIOMASS OF Chondrus crispus 
AND Mytilus edulis
Note:






















CHANGES IN BIOMASS OF CHONDRUS CRISPDS 
AND MYTILUS EDULIS
Chondrus crlspus-Quad, C 
Mytllua'edul1s- Quad. C 
Chondrus crlspus-Quad■ D 














SEASONAL CHANGES IN PERCENT COVER AND/OR 
NUMBER OF ORGANISMS - TRANSECT "e"
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SEASONAL CHANGES IN PERCENT COVER AND/OR 
NUMBER OF ORGANISMS - TRANSECT "f"
87





























SEASONAL CHANGES IN PERCENT COVER AND/OR 
NUMBER OF ORGANISMS - TRANSECT "g"
SEASONAL CHANGES IN PERCENT COVER OR NUNBER OF ORGANISMS
TRANSECT G




























RELATIVE GROWTH OF Lamlnaria digitata
LEGEND:
Poor Growth 0-2 inches per month
Average Growth 2-3 inches per month






RELATIVE GROWTH OF LAMINARIA DIGITATA
J a flra y  PI.
Dovar PI.
h ig h  cu rra n t a ra o
Dovar PI.
low  c u r ra n t a raa
FIGURE 18
RELATIVE GROWTH OF Laminaria Saccharina
LEGEND:
Poor Growth 0-2 inches per month
Average Growth 2-3 inches per month





RELATIVE GROWTH OF LAMINARIA SACCHARINA
Jalfrey Pi.
Dovar Pi.
low  c u rre n t a rea
FIGURE 19
SUCCESSION OF ORGANISMS ON PILINGS 
AT DOVER POINT
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HABITAT ILLUSTRATIONS AT 
DOVER POINT
LEGEND:
A. View from Dover Point to Newington, N. H.
(May 28, 1968).
B. Dover Point eulittoral area; note successional 
strips on bridge pilings (March 24, 1968).
C. Ice scouring on bridge pilings (January, 1969).
D. Ice scouring on bridge pilings (January, 1969).
E. Stranded ice with attached sod and Spartina roots
(Spring, 1968).





ILLUSTRATIONS OF SUCCESSION AND COMPETITION 
AT DOVER POINT
LEGEND:
A. Successional strips on August 15, 1969.
B. Lower portion of piling 2, showing distribution 
of Mytilus edulis (June 16, 1969).
C. Old Balanus balanoides sloughing off piling 
at Dover Point (June 16, 1969).
D. Edge of successional strip with new spat and 
old barnacles (May 11, 1968).
E. Presence of Spartina and mussels on ice deposited 
sod (November 22, 1968).
F. Littorina littorea grazing on Fucus vesiculosus 
(May 28, 1968).
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